The Rare Isotope Accelerator project involves generating heavy element ion beams for use in a fragmentation target line to produce selected ion beams for physics research experiments. The main beam and fission fragments, after passing through the target, are collected and passed along by a series of collecting magnets and a dipole magnet. In the first dipole magnet, the main beam impacts onto a heam dump located on each side of the magnet vacuum chamber. A dump design that involves rotating cylinders and internal water cooling passages has been designed to ahsorb the glancing impact of the main beam. The beam power designed for is 100 kW and water cooling is by turbulent sub-cooled forced convection.
INTRODUCTION
The RIA accelerator beams consist of particles in a range from protons to uranium ions which are impacted on either ISOL or fragmentation line targets. The power along one fragmentation line is expected to be 100 kW for a uranium ion beam. The beam after passing through the fragmentation target is dumped along the sides of the first dipole magnet.
The beam dump that can absorb the main beam has been designed to fit inside the first dipole magnet of the fragment separator. As the beam is curved through the dipole magnet it may impact either side of the magnet vacuum chamber.
The dump physical design consists of rotating cylinders placed along the sides of the magnet vacuum chamber.
The beam is assumed to impact the dump at an angle of 15 degrees and the beam deposited heat is removed by water coolant in the dump copper channels.
BACKGROUND
The beam for the fragmentation line impacting the fragmentation target has a nominal diameter' of 1 mm and a power of 100 kW with an energy of 400 Mev per nucleon. After passing through the fragmentation target the beam emerges with a slight angle spread and passes through the first dipole magnet. The beam is estimated to be at a diameter of 2 cm as it impacts the beam dump. Selection of desired fission fragments by adjustments in the magnet results in the beam striking either side of the magnet vacuum chamber. When the beam strikes the metal of the beam dump, the energy of the particles penetrate and deposit energy according to the relationship:
With I, equal to the initial intensity, ''x" equal to penetration depth, and "a" equal to the interaction length for uranium ions in copper. For 400 Mev per nucleon uranium ions into copper, "a" equals 0.42 cm.
Beam Dump Geometry
The arrangement of the fragmentation target and the fragment separator is as shown in Fig. 1 . The beam dump is located in the first dipole magnet of the separator and consists of two rotating cylinders on each side of the dipole magnet vacuum chamber and is shown schematically in Fig. 2 .
Target'
First dipole magnet The dump material is chosen to be copper because of its high thermal conductivity. The. figure shows schematically the beam striking the side of the rotating cylinder at an angle estimated to he 15 degrees.
The beam dump cylinders consist basically of a cylinder with cwlant channels as shown in Fig. 3 . The cylinder outside diameter is 12 cm and the inner diameter is 11.3 cm. The longitudinal channels are I mm wide, 2 mm high, and spaced I mm apart. The cylinder is assumed to be rotating in order to spread out the beam energy over the greatest passible dump surface area. A rotation speed of 600 RPM will effectively accomplish this.
Heat transfer analyses
The impact of the 2 cm diameter beam with a 15 degree angle on the rotating surface will result in the 100 kW beam spread out over a cylindrical surface that has a diameter of 12 cm and a length of 7.5 cm. The surface flux is thus 3.6 MWIm'and this power is deposited into the copper exponentially varying to zero over a depth of 0.5 cm. The water cooling is assumed to have a velocity of 10 m/s and a turbulent convective heat transfer coefficient of 20000 WIm'OK. The heat transfer coefficient is calculated from Nusselt number. Nu, correlations' for turbulent water flow with applicable Reynolds, Re, and Randtl, Pr, numbers:
Inlet water pressure is assumed at 3 atmospheres and the water inlet temperature is 20 'C. For LOO kW power, the water heats up less than 3 "C over its flow length.
A two dimensional heat transfer analysis was made to determine peak copper surface temperatures and .also annulus waterlcopper surface temperatures. The LLNL two-dimensional finite element heat transfer code, TOPAZZD', was used to make the calculations. The code modeled the energy deposition rate per unit volume on the outside region of the copper dump, the thermal conduction heat transfer in the copper, and the convection heat transfer to the 20 "C water with a convection heat transfer coefficient. Fig. 4 shows a color fringe plot of the temperature profile in a cross section of the beam dump. The plot shows that the peak surface temperature of the copper is 145 "C and the peak channel wall temperature is 110 "C with a water hulk temperature of 20 "C.
SUMMARY
A beam dump for the RIA fragmentation line can be designed to fit inside the first dipole magnet vacuum chamber. The dump consists of rotating cylinders that absorb the 100 kW beam energy as the heam strikes the cylinders at a small angle. The dump is cooled with forced convection turbulent water flow that maintains coolant channel wall temperatures below the water boiling temperature.
